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Zirconia and hydroxyapatite(HA) are two typical implant materials, which have the advantages of 
excellent mechanical strength and good biological activity respectively. It was found that composite 
material had good biocompatibility and mechanical strength compared to the single material.  
In this paper, the porous scaffolds of ZrO2/HA composite were formed by digital light processing 
(DLP) technology and their performance were evaluated. Cell experiments showed that the addition of 
HA had a positive effect on cell proliferation and differentiation. Mechanical tests showed that the 
composite scaffold with 10 wt.% HA had the best compressive capacity due to the pinning and bridging 
effect of a small amount of HA grains. When scaffolds were immersed in the simulated body fluid (SBF), 
the compressive strengths of the composite scaffolds decreased within the first 14 days and gradually 
increased after 14 days. The reason for this phenomenon was the degradation of calcium phosphate 
components and the deposition of apatite. By the 28th day, the compressive strengths of all the composite 
scaffolds increased to over 20MPa, close to that of the zirconia scaffolds during the same period (25MPa). 
The compressive strengths of all scaffolds met the requirement of cancellous bone during the entire 
soaking period, and the composite scaffolds have potential application value in bone repair. 
Keywords: nanocomposites; bone scaffolds; digital light processing; vitro properties 
1. Introduction 
Bones have a strong ability to self-repair some minor damage. However, for bone defects exceeding 


































































replacement [1]. Autologous and allogeneic bone grafts have a better adaptability for bone grafting, but 
they cannot be widely applied because of their limited quantity, ambiguous sources and disturbing 
security [2]. As they are unable to meet the needs of a growing number of patients with bone defects, 
researchers have turned their attention to artificial bone repair materials. At present, the common artificial 
bone repair materials are metal [3, 4], ceramic [5, 6], high polymer [7], and composite materials [8, 9]. 
Generally, artificial bone repair materials must have good compatibility with surrounding cell tissue 
to promote the repair and healing of the defect site. In addition, implants must also partly meet the 
functional requirements of the defects, such as support, movement, and protection. These functions put 
high demands on the biological and mechanical properties of implants. Calcium phosphate and calcium 
silicate ceramic are commonly used as bone repair materials because they have similar composition and 
structure as bones. Among them, hydroxyapatite (HA), the main inorganic component of biological hard 
tissue, has been proven to have good bioactivity and osteoconductivity [10, 11]. However, its mechanical 
properties are poor, for example, its modulus of elasticity is too large and the fracture toughness is too 
small compared to human bone [12]. Degradable ceramic materials such as tricalcium phosphate (TCP), 
biphasic calcium phosphate (BCP), and calcium silicate have been proven to have good osteogenic ability, 
and can be completely degraded in vivo environments and eventually replaced by new bones. This can 
avoid the hidden trouble caused by foreign bodies [13]. Even so, the degradation rate of this kind of 
ceramic in the body is often too fast, and does not match the osteogenesis speed. In addition, its 
mechanical properties are poor, and will be further weakened during the degradation process and cannot 
meet the requirements over a long period of time [14]. All these properties limit the use of degradable 


































































ceramic material, zirconia has high mechanical properties, good wear resistance, and can be stable in vivo 
for a long time [15]. 
Nowadays, researchers have introduced other materials to build composite degradable materials 
which can make up for the deficiencies of a single material and promise to have a wider range of 
application in bone tissue repair. Brzezinska-Miecznik et al. [16] combined HA with zirconia and sintered 
the composite. It was found that zirconia caused the decomposition of HA, resulting in the formation of 
β-TCP and CaO-ZrO2 solid solution. Kong et al. [17] found that the addition of alumina could reduce the 
reaction between zirconia and HA. A composite doped with 40% HA could attain biological activity 
comparable to that of pure HA and had better mechanical properties. Kumar et al. [18] incorporated 
nano-zirconia powder of different mass fractions (0-25 wt.%) into nano-HA powder and pressed it into 
shape. They found that the composites containing 20 wt.% ZrO2 performed better than pure HA and other 
ratios of composites. 
In addition to compounding multiple materials, it is also possible to further regulate the mechanical 
properties by introducing porous structures to meet the requirements of human implants (Young's 
modulus of the cortical bone is between 15 and 20 GPa and that of cancellous bone is between 0.1 and 2 
GPa. Compressive strength of the cortical bone is 100 to 200 MPa while that of cancellous bone is 2 to 20 
MPa )[19]. Moreover, the pore structures with suitable sizes can transport nutrients and metabolites, and 
provide space for cell tissue growth [20]. 
Considering the fabrication, additive manufacturing can customize the structure and function by 
design 3D models of implants for which the appearance, porosity, internal pore shape, and other 


































































tissue engineering scaffolds using SLS process, and the mechanical properties were altered by adjusting 
the material ratio and porosity. Wang et al. [22] used a continuous filament writing method with a sol-gel 
ink. The structure and pore size could be well controlled, and the feature size of the filaments could be 
tens of microns or even finer. Liu et al. [23] used a self-developed DLP printer to print HA ceramic 
samples with good and biocompatibility. Furthermore, researchers have also explored the factors of DLP 
ceramic forming, optimized the material formulation and printing parameters, and ultimately obtained 
high-precision, complex ceramic components [24-26].  
In this paper, ZrO2 was combined with HA to produce a partially degraded, porous scaffold which 
can improve the biological activity of the material. In addition, it can retain good mechanical properties 
during the healing phase of bone injury and reduce the impact on the function of the injured part. To 
evaluate the biological properties of ZrO2/HA scaffolds, simulated body fluid (SBF) soaking tests and in 
vitro cell tests were carried out to determine the biological activity, osteogenesis, and mineralization of 
the porous bone scaffolds The changes of the compressive strength of the scaffolds under the SBF 
condition were also evaluated in detail. 
2. Materials and methods 
2.1 Fabrication of ZrO2/HA scaffolds 
To fabricate ZrO2/HA porous bone scaffolds, nano zirconia powder (containing 5% Y2O3, particle 
size: 300 nm, Saint-Gobain, China) and HA powder (particle size: 60 nm, Xian Fenghe Biotech Co., Ltd., 
China) were used as raw materials. 0 wt.%, 10 wt.%, 20 wt.% and 30 wt.% HA powder were respectively 


































































mixed evenly with a ball mill for 4 h. The homogeneous ceramic slurry was obtained by stirring the 
composite powder with added photosensitive resin (Shanghai Guangyi Chemical Co., Ltd., China) and 
dispersant (sodium polyacrylate, Hebei Jinhong Chemical Co., Ltd., China) for 1 h. 
The porous three-dimensional bone scaffold model was designed according to the previous research 
in our team [23], and the porosity was 54.6%. The model data were imported into a DLP light-curing 
printer developed by Nanjing University of Aeronautics and Astronautics. The thickness of each printing 
layer used for printing composite ceramic slurry. was 0.02 mm. After printing, the green body of the 
scaffold was washed in absolute ethanol for 5 min via ultrasound to remove the extra slurry on the surface, 
and the extra slurry in the hole was eventually removed via air gun. After the green body was dried, it was 
put in a tube furnace for heat treatment at 500 °C for 4 h. The organic materials in the body, such as resin, 
were removed. Finally, the green body was sintered at 1400 °C for 1.5 h to obtain a composite porous 
scaffold. The specific heating curve is shown in Fig. 1. According to this method, two kinds of models 
were designed, one with a side length of 7.5 mm and height of 15 mm, the other with a side length of 10 
mm and height of 5 mm. The scaffolds were then fabricated for compression tests and cell tests. The 
fabrication and testing process of the scaffolds are shown in Fig. 2. 
2.2 Scaffold characteristics 
The optical images of the unsintered and sintered bodies were obtained by a camera, and their 
dimensions were measured to calculate the shrinkage ratios of the sintered bodies. A scanning electron 
microscope (SEM, S4800, Hitachi Instruments, Japan) equipped with an energy-dispersive X-ray 
spectroscope (EDS) was used to observe the surface morphologies and element distributions of the 


































































40kV/30mA, Rigaku, Japan) with a Cu-Kα radiation over a 2θ range from 20° to 70° with a scan speed of 
4° min−1 and a step size of 0.02°. 
2.3 Cell tests 
2.3.1 Cell culture 
The mouse osteoblast precursor cell line (MC3T3-E1) was cultured with scaffolds to evaluate the 
effects of different HA contents on cell adhesion, proliferation and differentiation. MC3T3-E1 cells were 
cultured in Minimum Essential Medium Alpha (α-MEM containing 10% fetal bovine serum and 4% 
penicillin-streptomycin, Gibco, USA) at 37 °C under a 5% CO2 atmosphere. The culture medium was 
changed every 2-3 days and the cells were passed every 4-5 days to ensure normal growth. 
2.3.2 Cell adhesion 
The scaffolds were ultrasonically cleaned and autoclaved, and then were placed in a 24-well plate 
and inoculated with 1 mL of cell suspension (10^5 cells/mL) in every well. After culturing for 1 day, the 
cells adhered on the surface of the scaffolds were observed via SEM. Briefly, the scaffolds were washed 
with phosphate buffered saline (PBS) twice, and fixed in 3% glutaraldehyde at 4 °C overnight. Then, they 
were dehydrated in ethanol solution with different concentrations (30%, 50%, 70%, 85%, 90%, 100%, 
100%). Finally, the samples were vacuum freeze-dried before gold sputtering for SEM observation. After 
culturing for 4 days, the cell-seeded scaffolds were fixed in 4% paraformaldehyde for 10 minutes. They 
were then stained with phalloidin (AAT Bioquest, USA) for 30 minutes and then with DAPI 
(4',6-diamidino-2-phenylindole, AAT Bioquest, USA) for another 10 minutes. The cell adhesion inside 



































































2.3.3 Cell proliferation and differentiation 
A Cell Counting Kit-8 (CCK-8, Bimake, USA) was used to evaluate the effect of scaffolds with 
different HA contents on cell viability. The samples in the 24-well plate (originally 10^4 cells/well) were 
cultured for 1, 4 and 7 days. Then, the cell medium in each well was refreshed with 1 mL of new medium 
containing 10% CCK-8 solution After incubating at 37 °C for 2 h, 100 μL of liquid was transferred into a 
new 96-well plate, and the optical density (OD) value of each well was measured at a wavelength of 450 
nm by a microplate reader (SpectraMax M3, Molecular Devices, USA). 
To evaluate the effect of composite scaffolds on cell mineralization, the autoclaved scaffolds were 
placed in a 12-well plate, and 2 mL of MC3T3-E1 cells at a concentration of 10^4 cells/ml were 
inoculated and cultured for 14 days. After culturing, cells were washed by PBS, fixed in 4% 
paraformaldehyde for 10 minutes and then incubating with 0.1% Alizarin Red S (ARS, pH = 8.3, Macklin, 
China) at 37 °C for 30 minutes. The calcium deposition produced by cell mineralization could be detected 
by red staining. 
2.4 SBF tests 
2.4.1 Degradation and bioactivity 
The degradation performance and biological activity of the composite scaffolds were evaluated by 
soaking the samples in SBF (simplified body fluid, pH = 7.4, Leagene, China). Each scaffold was soaked 
in 50 mL of SBF and placed in a 37 °C incubator with 5% CO2. They were taken out at different time 


































































The surface morphologies were observed by SEM, and the composition of the surface materials were 
analyzed.  
2.4.2 Compressive Strength 
A universal testing machine (AG-Xplus, crosshead speed = 0.1 mm/s, Shimadzu, Japan) with a load 
of 10kN was used to measure the compressive strength of the scaffolds soaked for different time periods 
(1, 4, 7, 14, 21, 28 days) in SBF. Before they were tested, the scaffolds were first dried at 60 °C for 8 h. 
The untreated scaffolds were also tested in a dry state. 
3. Results and discussion 
3.1 Surface morphology and composition analysis 
Fig. 3(a) presents the whole shapes of the scaffolds before and after sintering. Scaffolds with 
different HA additions (0 wt.%, 10 wt.%, 20 wt. %, 30 wt.%, hereinafter referred to as ZH0, ZH10, ZH20 
and ZH30, respectively) have similar macrostructures. The unsintered body had a significant shrinkage 
after high-temperature heat treatment. Table 1 shows the average sizes of the model, the unsintered body 
and the sintered body. The shrinkage rate in the length direction was calculated to be about 23.27%. The 
shrinkage in the height direction was about 28.33%, which was slightly higher than that in the length 
direction. This may be related to the DLP forming process. The green body must be separated from the 
slurry tank after each layer is printed; the process will produce a large pulling force on the part that has 
been printed, and the bonding tightness between the layers will be slightly lower than that in other places. 


































































eliminated and the particles could be tightly bound after high-temperature sintering. Therefore, greater 
shrinkage appears in the height direction. In addition, studies have shown that gravity can promote 
shrinkage in the height direction to a certain extent [27]. Fig. 3(b-e) present the surface morphologies of 
different scaffolds. The grains of the ZH0 scaffolds can be clearly observed and have sizes of about 
200-500 nm. With the addition of HA, clear differences in brightness and size between the grains were 
found via SEM. Specifically, the dark grains of different sizes pointed by arrows in Fig. 3(c-e) were 
embedded in the small zirconia grains. The number and size of the dark grains both increased as the 
amount of HA added increased. The large grains in the ZH30 group gradually became one piece, which 
can be seen in Fig. 3(e). These phenomena may be related to the reaction of HA and zirconia at high 
temperatures [28]. 
To determine these altered grains, we analyzed the compositions of the scaffolds, and the XRD 
results were shown in Fig. 4. After high-temperature sintering at 1400 °C, tricalcium phosphate (TCP) 
appeared in the samples, and should be the decomposition product of HA at this temperature [29]. On the 
one hand, TCP is a bioactive calcium phosphate ceramic with a higher degradation rate than HA. On the 
other hand, biphasic calcium phosphate (BCP) consisting of TCP and undecomposed HA has been proven 
to have better mechanical properties and osteogenetic ability than the single phase [14, 30]. In addition, 
calcium oxide, another decomposition product of HA, can dissolve into the interior of the zirconia crystal, 
changing the original crystal structure [31]. This can be confirmed by apparent cubic zirconia diffraction 
peaks in the composite scaffold. As is shown in Error! Reference source not found.(b), the EDS 
mapping of the ZH20 scaffolds indicates that the calcium was homogeneously distributed on the surface 


































































source not found.(c), revealed that the content of calcium in the dark grains was significantly higher than 
that in light grains. Many studies discovered the dark particles, which were considered to be 
hydroxyapatite or other calcium phosphates [17, 32-34].Therefore, dark grains should contain more 
calcium phosphate components. 
In short, all the scaffolds had a significant shrinkage after sintering, and component changes 
occurred in the HA-added scaffolds. TCP appeared in the samples with the decomposition of HA, which 
caused the dark grains of calcium phosphate embedded in the small zirconia grains. Moreover, the 
number and size of the dark grains both increased as the HA increased. 
3.2 Cytocompatibility 
To evaluate the biological properties of the composite scaffolds, MC3T3-E1 cells were inoculated on 
each scaffold. Fig. 6(a) depicts the cells adhered on the surfaces of scaffolds after culturing for 1 day . 
After 4 days, cells grown into the scaffolds were observed. Fig. 6(b) shows the fluorescence staining of 
the cells inside the scaffolds. According to the figures, all scaffolds had cell attachment after incubating 
for 1 day, and each group of cells grew well. In addition, there were a large number of cells growing 
inside the scaffolds after culturing for 4 days. Specifically, more cells were attached inside the scaffold 
with HA added, and the cells gradually became confluent (see the ZH30 group in Fig. 6(b)), which 
demonstrates that ZrO2/HA composite scaffolds have good biocompatibility. 
To further verify the effect of HA content on cell viability, the CCK-8 method was used to evaluate 
the viability of MC3T3-E1 cells on different ceramic scaffolds for 1, 4, 7 days. The results are presented 
in Fig. 7. The OD values of each group achieved a steady increase over time, which indicates that the 


































































the 4th and 7th day were significantly higher than those of the ZH0 group (p < 0.05). These results 
demonstrated that the composite scaffold with 20 wt.% and 30 wt.% HA had a positive effect on 
MC3T3-E1 cell proliferation. 
Previous research showed that calcium phosphate-based ceramics have good biocompatibility and 
osteoinductivity [35-37]. Calcium, phosphate ions and other components, considered to play an active 
role in the osteogenesis process, can be dissolved from the ceramics in vivo environments. To evaluate the 
effect of composite scaffolds on MC3T3-E1 cell mineralization, the cells were cultured for 14 days with 
the scaffolds, and the ARS staining results showed that almost no calcium deposition occurred in the 
control group without scaffolds or in the ZH0 group (see Fig. 8(a) and 8(b)). With the addition of HA, 
clear calcium deposition began to appear. There are only a few red depositions with a small number and 
area in ZH10, which can be observed in Fig. 8(c). When 20wt.%HA was added to the composite scaffold, 
large calcium nodules began to form, as shown in Fig. 8(d). Fig. 8(e) indicates that more calcium 
depositions became darker red with a wider scope in the ZH30 group. This phenomenon demonstrated 
that HA-added scaffolds promotes the mineralization of osteoblasts, which has positive significance for 
the repair of bone defects. Previous research showed that calcium phosphate-based ceramics could 
promote bone formation because their composition was similar to bone [38]. Moreover, Bao et al. [39] 
believed that such ceramics could recognize and interact with the components in body fluids, and 
biomolecules relevant to osteogenesis could be adsorbed onto the surface of the ceramics, forming a local 
microenvironment, which was considered beneficial for osteogenesis and differentiation. In addition, the 
porous structures with suitable size of scaffolds can provide the climbing conditions and growing space 


































































In summary, compared with the ZrO2 scaffold, composite scaffolds had better biocompatibility, and 
20 wt.% or 30 wt.% HA-added scaffolds could significantly promote the proliferation and differentiation 
of MC3T3-E1 cells, which could be important for bone repair. 
3.3 Apatite deposition and degradation in SBF 
The surface morphology of each scaffold changed after soaking in SBF (see Fig. 9). After 7 days of 
soaking, sporadic white apatite was deposited onto the surface of the HA-added scaffolds. After 14 days, 
the surface of each scaffold had a certain scale of white apatite deposition. The apatite on the surface of 
ZH0 was mostly distributed in the form of small-area fragments, while that on the HA-added scaffolds 
continuously grew like snowflakes. In addition to the apatite deposition, some degradation occurred to the 
scaffolds. After soaking for 4 days, ZH10, ZH20 and ZH30 groups had obvious pores. Fig. 10 reveals the 
occurrence of degradation behavior. Nano-scale micropores appeared on the surfaces of large calcium 
phosphate grains and near grain boundaries. As the soaking time increased, the number and range of 
micropores gradually increased, eventually leading to the shedding of entire particles or the parts 
connected by micropores. This study showed a similar pattern of results compared to previous studies[14, 
41].  
The mass loss of each scaffold after soaking in SBF is shown in Fig. 11. With the increase of the 
soaking time, the ZH0 group exhibited almost no mass loss, and the mass increased slightly after 14 days, 
which was consistent with the deposition of apatite on the ZH0 scaffold during this period (see Fig. 9(a3)). 
The other three scaffolds all had mass loss after soaking, and the loss weight increased with the increase 
of HA content and soaking time. Moreover, the mass loss rate of scaffolds increased rapidly in the first 7 


































































during this time period, there was not much apatite deposition on the surface after the first 7 days. At that 
time, the degradation rate of calcium phosphate was greater than the generation rate of apatite, resulting 
in a large mass loss rate. After soaking for 14 days, a large amount of apatite had appeared on the surface 
of the scaffolds, which could compensate for the loss of partial mass degradation, so the rate of mass loss 
was reduced after 7 days. 
Above all, the composite scaffolds were degraded when soaking in SBF, and had more mass loss 
with the increase of HA content and soaking time. However, partial mass loss could be compensated by 
apatite deposition which occurred after 7 days. 
3.4 Compressive strength in SBF 
Fig. 12(a) shows the compressive strength and compressive modulus curves calculated from the 
cross-sectional areas of the scaffolds. As HA increased, the compressive capacity of the scaffolds first 
increased and then decreased. All scaffolds met the requirements for cancellous bone strength 
(compressive strength varied between 2 and 20 MPa, and Young’s modulus was between 0.1 and 2 GPa) 
[19]. Interestingly, when 10 wt.% HA was added, the composite scaffold exhibited a higher compressive 
strength of 52.25 MPa while that of the ZH0 scaffold was 39.99 MPa, which is different from some 
previous research [42, 43]. The possible reason for this is the "pinning" effect of the nano-hydroxyapatite 
on the matrix, and Fig. 12(b) shows that a crack produced by a transgranular fracture in the zirconia 
matrix had deflected when meeting large particles considered to be calcium phosphate, and Fig. 12(c) 
shows that the calcium phosphate particle bridged at the crack, creating a reverse closure effect on both 
sides of the matrix. This can increase the strength of the material. In addition, there are differences in the 


































































zirconia matrix could result in a residual stress field after sintering, and the strength of the composite 
could thereby be improved [44, 45]. However, as HA increased, the reaction between HA and zirconia 
increased as well, which weakened the overall strength of the material [46].  
The compression performance of the scaffolds immersed in SBF for different times was tested, and 
the results are provided in Fig. 13(a). After soaking, the compressive strength of each scaffold changed in 
different degrees. After 1-day soaking, the compressive strength exhibited a large decrease. The reason 
why the compressive strength of the ZH0 was degraded may be that the uncompacted grains fell off 
during the soaking process. However, after 4 days, the decline was small and gradually stabilized. After 
28 days, 63.5% strength was retained in ZH0. The strength of the HA-doped scaffolds decreased in the 
first 14 days with the increase of soaking time, and the compressive strengths of ZH10, ZH20 and ZH30 
at 14 days decreased to 15.8MPa, 8.5 MPa and 3.6 MPa, respectively. Compared with the scaffolds before 
soaking, the decline rates were 69.8%, 65.9% and 72.5% respectively, but the composite scaffolds still 
reached the requirements for cancellous bone strength. After 14 days, the compressive strength of each 
scaffold showed an obvious increase. On the 28th day, the compressive strengths of the three HA-added 
groups were close to that of ZH0 (25.41 MPa), and were all above 20 MPa. Moreover, for ZH30, the 
compressive strength of the scaffolds soaked for 28 days was even higher than that of the unsoaked ones. 
The gaps formed by degradation during the soaking process are shown in Fig. 13(b), and they were filled 
with the apatite deposition as shown in Fig. 13(c), which made up for the partial loss of strength. 
In general, the composite scaffolds with 10 wt.% HA had better compressive capacity due to the 
pinning and bridging effect of HA grains. Under the combined action of the degradation of calcium 


































































SBF first decreased and then gradually increased, but all reached the requirements for cancellous bone 
strength during the entire soaking period.  
4. Conclusion 
A partially degraded ZrO2/HA scaffold can be obtained by the DLP method, and the HA in the 
composite scaffolds transformed into BCP after sintering. Compared with the ZrO2 scaffold, compo site 
scaffolds with 20 wt.% or 30 wt.% HA had better biological activity and can promote proliferation and 
differentiation of MC3T3-E1 cells, which had potential implications for bone repair. 
The scaffolds can achieve a certain range of controllable mechanical properties by adjusting the ratio 
of the two ceramic materials. When HA 10 wt.% was added, the compressive strength of scaffold was 
improved to 52.25MPa while that of ZrO2 scaffold was 39.99MPa. However, when the proportion of HA 
increased to 20 wt.%, the compressive strength began to decrease. 
When the scaffolds were soaking in SBF, the compressive strengths of the composite scaffolds first 
decreased and then increased under the combined effects of calcium phosphate degradation and apatite 
deposition. Compared with the composite scaffolds before soaking, the decline rates of compressive 
strengths were all around 70% after 14 days. However, by the 28th day, the compressive strengths of the 
composite scaffolds increased to over 20MPa, which were close to that of the zirconia scaffolds at the 
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Fig. 1. Heating curve of debinding and sintering 
 
 




































































Fig. 3. Macroscopic and microscopic morphologies of the scaffolds:(a) Photos of scaffolds before and 
after sintering. SEM micrographs of (b) ZH0, (c) ZH10, (d) ZH20 and (e) ZH30 scaffolds. Arrows in the 




































































Fig. 4. XRD pattern of composite scaffolds after sintering 
 
 
Fig. 5. EDS analyses of the elemental composition of the ZH20 scaffolds: (a) The surface area of the 


































































the designated areas (points 1 and 2) in figure (a). 
 
 
Fig. 6. (a) SEM images of cells pointed by arrows attached on the external surfaces of scaffolds after 
incubating for 1 day and (b) laser confocal images of cells attached on the internal surfaces of scaffolds 
after incubating for 4 days. 
 
 
Fig. 7. Proliferation rate of MC3T3-E1 cells on scaffolds with different HA additions The values are 




































































Fig. 8. The ARS staining images of MC3T3-E1 cells after incubation with (a) no scaffold, (b)ZH0, (c) 




































































Fig. 9. SEM micrographs of the (a1-a3) ZH0, (b1-b3) ZH10, (c1-c3): ZH20 and (d1-d3) ZH30 scaffolds 
after soaking in SBF for 4, 7 and 14 days. 
 
 
Fig. 10. SEM micrographs of calcium phosphate grains degradation: nano-scale micropores (a) on the 
surfaces and (b) at the boundaries of calcium phosphate grains. 
 
 




































































Fig. 12. (a) Compressive strength and compressive modulus of scaffolds as a function of HA content; 
SEM image of (b) crack deflection and (c) bridge on the ZH10 scaffold. 
 
 
Fig. 13. (a) Compressive strengths of the scaffolds soaking in SBF for different time periods (n = 3). SEM 





































































Table 1. Dimensions of the model, unsintered and sintered bodies 
 Model Unsintered body Sintered body Shrinkage(%) 
Length (mm) 7.5 7.35 5.64 23.27 
Height (mm) 15 15 10.75 28.33 
 
